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2.  Description of Project 

 

Purpose.  The specific aim and hypothesis associated with the present research protocol are: 

 

Experimental Aim:  To determine, in vivo, the effects of nebivolol on the capacity of the vascular 

endothelium to release t-PA in adult humans with elevated blood pressure. 

 

Hypothesis. We hypothesize that nebivolol will improve endothelial t-PA release in adult humans with 

elevated blood pressure to a greater extent than either metoprolol or placebo.  We further hypothesize 

that the improvement in the capacity of the vascular endothelium to release t-PA with nebivolol is 

mediated, in part, by the compound’s antioxidant properties. 

 

Results supporting this hypothesis will provide important clinical data and novel mechanistic insight into 

the unique antihypertensive and cardioprotective effects of nebivolol.   

 

Background:   

The development of fibrous plaque and the resulting ulceration and subsequent thrombus formation 

within the lumen of an artery is recognized as a precipitating cause of atherothrombotic events such as 

angina, myocardial infarction, thrombotic stroke, and sudden cardiac death (47).  The hemostatic 

mechanism responsible for the proteolytic degradation of intravascular fibrin deposition is the fibrinolytic 

system.  When activated, this enzymatic pathway degrades fibrin within the developing thrombus, thus 

preventing arterial occlusion and interruption of blood flow.  Both clinical and epidemiological data 

indicate that reduced endogenous fibrinolytic activity is a major contributor to the development, 

progression, and severity of atherothrombosis (17, 18, 52, 53, 57, 59, 68).  Endothelial cells are the 

principal site of synthesis and release of tissue-type plasminogen activator (t-PA), the primary 

plasminogen activator in fibrinolysis, and a major producer of its biological inhibitor plasminogen 

activator inhibitor-1 (PAI-1) (40).  t-PA is the key enzyme in initiating an endogenous fibrinolytic 

response due to its ability to preferentially activate plasminogen on the surface of developing thrombi 

(27).  Recent data indicate that it is the capacity of the endothelium to release t-PA rapidly and acutely 

from intracellular storage pools (25, 48) and not circulating plasma fibrinolytic concentrations, that 

determines the efficacy of endogenous fibrinolysis because thrombolysis is much more effective if active 

t-PA is readily available and incorporated during, rather than after, thrombus formation (5, 28).  Thus, the 

capacity of the endothelium to release t-PA is considered to be a major endogenous defense mechanism 

against thrombosis (9, 44, 54).  It has been suggested that impaired fibrinolytic capacity may contribute to 

increased cardiovascular risk with elevated blood pressure (24), identifying an important endothelial 

target for primary and secondary prevention of atherothrombosis in prehypertensive and hypertensive 

individuals.  Very little clinical data are available regarding the effects of antihypertensive agents on 

endothelial control of the fibrinolytic system. 

 

Nebivolol, a third generation beta-blocker with high selectivity for b1-adrenergic receptors, has proven to 

be highly effective in treating hypertension (3, 14, 39).  A distinguishing feature of nebivolol from other 

beta-blockers is its hemodynamic profile, specifically the unique ability to enhance both basal and 

stimulated nitric oxide (NO) release resulting in peripheral vasodilation, improved endothelial function 

and increased myocardial compliance (19, 38, 56, 74).  However, the favorable vascular effects of 

nebivolol that contribute to its blood pressure lowering action, and possible cardioprotectant effects, may 



not be limited to endothelial vasomotor function.  Indeed, there are in vitro data to suggest that nebivolol 

may have favorable effects on the fibrinolytic system, but there is currently no in vivo clinical evidence 

that treatment with nebivolol improves vascular endothelial t-PA release.  This represents a critical void 

in understanding the potential unique antithrombotic effects of nebivolol.  

 

Elevated blood pressure, aside from aging, is the most prevalent cardiovascular disease risk factor.  Sub-

optimal blood pressure (BP>130/80) affects more than 100 million people in the United States and more 

than 1 billion people worldwide (55).  Aggressive reduction of blood pressure can significantly reduce 

cardiovascular risk and acute thrombotic events (16, 63).  Nebivolol is a well tolerated, highly effective 

antihypertensive agent with minimal adverse metabolic effects making it a useful first-line monotherapy 

treatment option for the management of patients with mild to moderate essential hypertension (19, 38, 42, 

56, 74).  The hemodynamic effects of nebivolol, specifically its NO enhancing property, differentiate it 

from traditional beta-blockers (38, 41).  While the importance of the NO system to vasoregulation and 

cardiovascular health is well established, so too is the role of endothelial fibrinolytic regulation in the 

pathogenesis of hypertension-related thrombotic risk (34).  Another potential area of differentiation 

regarding the cardiovascular benefit of nebivolol compared with other beta-blockers may be its effect on 

endothelial fibrinolytic function.  Considering endogenous fibrinolytic potential is determined at the 

vascular wall, understanding the modulatory effects of nebivolol on endothelial release of t-PA would 

provide further insight into unique vascular, and thromboprotective, effects of nebivolol.  The results of 

the proposed study will provide new and clinically important information regarding the effects of 

nebivolol on endogenous fibrinolytic potential in adults with sub-optimal blood pressure. 

 

2.  Methodology: 

 

I.)  Subjects.  Subjects will be men and women of all races and ethnic backgrounds aged 45-65 years.  The 

rationale for studying this age group is based on epidemiological data showing that the prevalence of 

suboptimal blood pressure is highest in this age-range (26).  Subjects will be normotensive defined as 

resting blood pressure <120/80 mm Hg and prehypertensive/hypertensive defined as resting systolic blood 

pressure >125 mmHg and/or diastolic blood pressure >80 mmHg (15).  The rationale for including adults 

with prehypertension is that this is a rapidly expanding segment of the population who are likely to 

develop clinical hypertension (15, 24, 26, 46, 66) and who already exhibit many of the vascular 

abnormalities common with hypertension (75). 

 

All of the women in the study will be postmenopausal and not receiving hormone replacement therapy 

(HRT) currently or in the preceding 3-year period. Our rationale for this approach is as follows.  First, if 

pre-, peri-, and postmenopausal women all were included in this cohort the widely varying circulating 

reproductive hormone levels (which may have profound effects on insulin sensitivity as well as 

endothelial vasomotor function) could introduce substantial variability into this group making it difficult 

to identify main effects of obesity/insulin resistance (if present).  Second, with respect to HRT use, the 

modes of application, the dosage of estrogen and whether or not it is combined with progesterone, the 

number of years of use, and many other factors can vary widely among individual women, adding 

significant inter-subject variability to the data. 

 

To establish blood pressure status, resting blood pressure measurements will be performed in the sitting 

position between 8 a.m. and 10 a.m. on at least 2 separate days one week apart to establish both normal 

and sub-optimal blood pressure (resting systolic blood pressure >125 mmHg and/or diastolic blood 

pressure >80 mmHg).  Subjects will not have ingested caffeine-containing beverages prior to all blood 

pressure measurements.  The recordings will be made under quiet, comfortable ambient (~24°C) 

laboratory conditions.  To avoid any possibility of investigator bias, measurements will be made with a 

semi-automated device (Dinamap, Crtikon, FL) that uses an oscillometric technique over the brachial 



artery.  Recordings will be made in triplicate in the upright sitting position.  All measurements will 

conform strictly to American Heart Association guidelines as established by the Council for High Blood 

Pressure Research (49).   

 

Candidates who smoke (currently or in the past 7 years), report more than low-risk alcohol consumption 

as defined as no more than 14 standard drinks/wk and no more than 4 standard drinks/day for men and 7 

standard drinks/wk and 3 standard drinks/day for women (a standard drink is defined as 12 ounces of 

beer, 5 ounces of wine, 1½ ounces of 80-proof distilled spirits) (71) or who are taking cardiovascular-

acting (i.e. statins) medications will not be eligible.   

 

Subjects will be free of overt chronic diseases as assessed by:  a) medical history; b) physical 

examination; c) electrocardiogram and BP at rest; d) blood chemistries and lipid and lipoprotein 

evaluation; and e) fasting plasma glucose <126 mg/dL (2).  In addition potential candidates with a resting 

heart rate of < 50 beats/minute will be excluded.  All fasting plasma lipid and lipoprotein, glucose and 

insulin concentrations will be determined by the UC-Boulder Clinical and Translational Research Center 

(CTRC) core laboratory using conventional methods (1, 10, 30). 

 

Lastly, candidates will be sedentary as determined from the Stanford Physical Activity Questionnaire 

(<35 kcal/wk; (58)) and will not have engaged in any program of regular physical activity for at least 1 

year prior to the study.  The nature, purpose, and risks of all procedures and protocols will be explained to 

each subject prior to obtaining their written informed consent.   

 

General Experimental Design:   

 

The proposed study will employ a 3-month randomized, double-bind placebo controlled single site trial to 

determine the effects of nebivolol on the capacity of the vascular endothelium to release t-PA in adults 

with suboptimal blood pressure.  An initial telephone screening will be used to ensure that interested 

candidates satisfy the basic criteria of the study (see above).  Potential candidates, after providing written 

informed consent, will be invited to undergo laboratory screening to assess blood pressure status.  

Candidates who successfully meet the blood pressure requirements and complete the screening process 

will be enrolled in the study.  The subjects will then undergo baseline testing and assessment of 

endothelial t-PA (described in detail below under “Measurements and Procedures”).  Drs. DeSouza and 

Stauffer have successfully recruited and studied human subjects across the adult age-range with varying 

levels of blood pressure in the Boulder-Denver metropolitan area since 1995 (20, 22, 23, 32, 33, 60-62, 

64, 73). 

 

Intervention.  Eligible subjects will be randomly assigned (computer generated assignment) to one of 

three treatment groups: nevibolol (5 mg/day), metoprolol (100 mg/day) or placebo (control condition).  

Subjects will participate in their respective treatment for a period of 12 weeks (~3 months).  During this 

12-week period measurements of the key outcome variables will be made at baseline and 12 weeks.  

Before randomization subjects will be reminded that the purpose of the study is to determine the effects of 

nebivolol on ET-1 vasoconstrictor tone and fibrinolytic capacity and that they will be randomly assigned 

to one of the three treatments.   

 

The subjects will be instructed to take their medication (nebivolol, metoprolol or placebo) in the morning, 

except on the morning of a testing session, and not to take any other medications during the course of the 

study. Subjects will return to the UC-Boulder Clinical and Translational Research Center (CTRC) every 

two weeks to have their body weight and blood pressure measured, receive their next allotment of pills 

and to meet with a study research assistant to discuss any problems he/she may be experiencing.  

Adherence to each treatment will be documented by bi-monthly pill counts.  The CTRC pharmacy will 



dispense all pills. 

 

Dr. Stauffer will oversee the randomization of subjects and will not be blinded to treatment group 

assignment of the subjects. 

 

Drug Tapering:  At the completion of the study, or if a subject withdraws from the study at any time, the 

doses of nebivolol and metoprolol will be tapered over a 3-day period.  Nebivolol will be tapered as 

follows:  2.5 mg/day for 3 days then stop.  Metoprolol will be tapered as follows: 50 mg/day for 1 day, 25 

mg/day for 2 days then stop. 

 

General Information for All Protocols.  All protocols will be performed in the outpatient research 

protocol laboratories in the UC-Boulder CTRC providing the highest quality of technical and clinical 

support for the safe and successful performance of the proposed intra-arterial infusion protocols. 

 

Experimental Hypothesis   

 

Nebivolol will improve endothelial t-PA release in adult humans with elevated blood pressure to a 

greater extent than either metoprolol or placebo.  We further hypothesize that the improvement in the 

capacity of the vascular endothelium to release t-PA with nebivolol is mediated, in part, by the 

compound’s antioxidant properties. 

 

Experimental Design and Strategy. To determine the effects of nebivolol on endothelial t-PA release in 

vivo, an isolated human forearm model will be used (11-13).  This approach has the advantages of 

allowing for: (a) stimulation of local and rapid endothelial release of t-PA (by intra-arterial infusion of 

various vasoactive agents) without producing potential confounding systemic responses; (b) direct 

determination of endothelial t-PA release in vivo free of the confounding effects of hepatic clearance and 

shifts between free and complexed (with PAI-1) molecular forms; (c) the study of an intact viable 

vascular bed with preserved innervations, blood flow, and cell-to-cell interaction (7, 36, 37, 65); and (d) a 

peripheral measure of endothelial t-PA release that correlates strongly and positively with t-PA release in 

the coronary circulation (45). 

 

Study Methods.  Subjects: Middle-aged and older male and female adults (see above under “Subjects”).  

Preliminary Measurements (separate day from main protocol): DXA measures of body mass and 

composition, and dietary analysis (see above under “Measurements and Procedures”).  Main Protocols: 

Assessing Endothelial t-PA Release:  The brachial artery will be catheterized as described above under 

“Measurements and Procedures”.  An intravenous catheter will then be placed in an antecubital vein of 

the same arm.  We (32, 33, 72, 73) and others (7, 36, 37, 65) have shown that brachial artery 

catheterization and intravenous catheterization in the antecubital region of the same arm is safe and well 

tolerated by adult human subjects.  The experience of the investigative team and CTRC environment will 

provide the highest level of technical and clinical support for the safe and successful performance of the 

proposed arterial and venous catheterizations.   

 

After arterial and venous catheterization, instrumentation, and establishment of steady-state baseline 

conditions and prior to beginning the infusion protocol, blood will be drawn (5 mL) from the antecubital 

vein for basal fibrinolytic measures.  Following the measurement of baseline FBF and FBF to 

acetylcholine (doses: 4.0, 8.0, 16.0 µg/100 mL tissue/min), and at the end of each dose of bradykinin and 

sodium nitroprusside, blood will be drawn simultaneously from the brachial artery and antecubital vein of 

the experimental arm to measure local release of fibrinolytic factors.  Bradykinin was selected to stimulate 

endothelial t-PA release based on its specificity and effectiveness at eliciting local and rapid endothelial t-

PA release in adult humans (6, 7).  Bradykinin will be infused at 12.5, 25, 50 ng/100 mL tissue/min and 



sodium nitroprusside at 1.0, 2.0, 4.0 µg/100 mL tissue/min for 5 min at each dose.  The concentrations of 

bradykinin have been shown to elicit significant dose-response increases in the net release of t-PA without 

affecting net release of PAI-1 (8).  Fibrinolytic determinations in response to sodium nitroprusside are 

required to establish that any observed differences in local endothelial release of t-PA to bradykinin are 

not due to increased blood flow related shear stress (8, 31, 35).  Each drug will be administered in random 

order after allowing sufficient time for FBF and plasma fibrinolytic concentrations to return to resting 

levels (30 minutes) (32, 33, 72, 73).  Net endothelial release or uptake of t-PA and PAI-1 (both antigen 

and activity levels) at each time point will be calculated as the product of the arteriovenous concentration 

gradient and the infused forearm plasma flow.  Arteriovenous concentration gradients for both t-PA and 

PAI-1 antigen and activity for each subject (at each time point) will be determined by subtraction of the 

values measured in simultaneously collected venous and arterial blood samples.  A positive difference 

indicates a net release and a negative difference, a net uptake.  Forearm plasma flow will be calculated 

from FBF and arterial hematocrit corrected for 1% trapped plasma.  Thus, net release (or uptake) will be 

calculated using the following equation (7, 37). 

 

Net Release = (CV-CA) X (FBF X [101-Hematocrit/100]) 

 

(CV-CA) = arteriovenous concentration gradient   

CV = venous concentration CA= arterial concentration 

 

Intra-Arterial Administration of Vitamin C.  Acute intra-arterial infusion of the potent antioxidant vitamin 

C will be used to assess the vascular effects of oxidative stress on bradykinin-stimulated endothelial t-PA 

release before and after each intervention.  Our rationale for selecting vitamin C over other antioxidants 

such as vitamin E is as follows.  First, vitamin C is the main water-soluble antioxidant in human plasma 

(29).  Second, it effectively scavenges superoxide and other reactive oxygen species and spares other 

endogenous antioxidants from consumption (4, 51).  Third, it plays a key role in the regulation of 

intracellular redox state through its interaction with glutathione (43, 76).  Fourth, vitamin C has been used 

successfully to demonstrate that oxidative stress contributes to endothelial fibrinolytic dysfunction in a 

number of pathologies, including hypertension (72). 

 

After allowing sufficient time (~20 minutes) for FBF to return to baseline following the initial infusions 

of bradykinin, sodium nitroprusside and vitamin C will be infused at a constant rate (12 mg/100 mL 

tissue/min) for 5 minutes.  The vitamin C dose was selected because it has been shown to both protect 

human plasma from free radical-mediated lipid peroxidation (29) and improve endothelium-dependent 

vasodilation and endothelial t-PA release in conditions associated with oxidative stress (50, 67, 69, 70, 

72).  The vitamin C infusion will be maintained at the same rate while the bradykinin and sodium 

nitroprusside dose-response curves are repeated in the same order as performed earlier.  Net endothelial 

release rates of t-PA and PAI-1 (antigen and activity) will be determined at time 0 and 5 minutes of 

vitamin C infusion and after each dose of bradykinin and sodium nitroprusside in the presence of vitamin 

C.  A 15-minute washout period will be provided between each dose response curve (72).  The acute 

vitamin C protocol will be performed at baseline and after each intervention.  

 

 

Statistical Analysis. The proposed statistical approach was chosen to take advantage of the randomized 

study design with repeated measures. Differences in the FBF responses and t-PA and PAI-1 responses to 

each vasoactive agent (bradykinin, sodium nitroprusside, bradykinin+vitamin C, sodium 

nitroprusside+vitamin C) will be determined by a mixed-effects regression model. We chose a mixed-

effect model over a repeated measures ANOVA to accommodate any missing data (due to drop-out) and 

to allow us to model a more realistic covariance structure.  The model will include factors for treatment 



condition (indicator variables for each treatment condition) and any covariates such as baseline blood 

pressure, age, gender that were not balanced under the randomized design (to be tested using one-way 

ANOVA prior to mixed model analysis).  To test for any trends over time, we may also include a term for 

the time of measurement (and interaction term of time with treatment) to determine if there is any impact 

of the time of measurement on measures of FBF. We will initially model the covariance structure of the 

repeatedly measured FBF and fibrinolytic responses assuming an unstructured pattern and test whether 

more restrictive covariance assumptions (i.e. exponential, compound symmetry) are more appropriate.  

Given the design, treatment conditions and assessment protocols, we anticipate the missing data (due to 

subject dropout) to be missing at random (MAR).  In other words, for example, we do not expect the 

initial treatment condition to influence whether a subject opts to continue with the study. Nevertheless, we 

plan to explore this issue by using all available baseline information to determine whether dropout is 

associated with any of the important covariates (baseline blood pressure, medication use and age) using 

logistic regression.  However, as emphasized previously, we do not anticipate encountering missing data 

that are not missing at random (NMAR), given the treatment conditions under study.  Assuming missing 

data that are MAR, an “intent-to-treat analysis” would yield valid inference. However, this approach 

would come at a cost of reduced statistical efficiency.  Therefore, we will also employ Schafer’s 

multivariate normal imputation approach as implemented in SAS v9.1 (SAS Institute Inc.; proc MI - 

MCMC Method and proc MIANALYZE).  According to a recent simulation study, this multiple imputation 

approach performs well and generates more reliable information than complete-case analysis. Results 

from the complete-case analysis will be compared with that of the multiple imputation analysis to ensure 

consistency of the regression parameters. To account for multiple testing, the Bonferroni-correction will 

be used to adjust the significance level appropriately. 

 

Sample Size Calculations.  All power calculations were performed using nQuery Advisor 6.0 statistical 

software (Statistical Solutions, MA). Sample sizes were determined based on data from the P.I.’s 

laboratory and available published results of comparable treatment-related changes in endothelial t-PA 

release (61, 72, 73).  Sample sizes were calculated based on 80% power at an alpha level of 0.05.  This 

power value is equivalent to a probability of <0.20 of committing a type-II error.  Power calculations 

yielded sample size of 18 subjects per treatment group (nebivolol, metoprolol, placebo) based on effect 

sizes of 0.74.  This sample size (N=54; n=18/group) should be sufficient to determine clinically and 

physiologically significant differences between treatment groups if present.  To account for an estimated 

20% dropout rate, we will recruit 22 subjects per group. 

II.)  Recruitment:  Subjects will be recruited from the greater Boulder/Denver area.  It is important to note 

that the investigative team has been conducting cardiovascular research Boulder for over 15 years.  

During this time we have established a recruiting network for middle-aged and older adults.  For example, 

our laboratory is supported by the City of Boulder Aging Services and we have access to senior centers in 

Boulder. Recruiting mechanisms include flyers posted around the community and from senior-emphasis 

organizations (see attached flyer). 

 

III.)  Copies of Surveys, Questionnaires, or Interview Schedules: Copy of Stanford Physical Activity 

Questionnaire will be submitted electronically. 

 

IV.)  Description of Procedures: All procedures will be performed at the CTRC unless otherwise stated.  

Estimated time of each procedure is provided in bold.  The order in which the following procedures will 

be performed, in separate experimental sessions, is provided below under “Sequence of Measurements”. 

 

1)  Telephone Screening/Subject Information (performed by laboratory personnel at the Integrative 

Vascular Biology Laboratory located in Carlson Gymnasium).  When interested candidates voluntarily 

call the laboratory (after seeing our advertisements or through word of mouth) for more information on 



the proposed study and once we have obtained verbal consent according to prescreen consent form they 

will be asked general questions regarding their, age, physical activity status, medical history to determine 

whether they satisfy the basic criteria for the study.  Subjects who meet the basic criteria for the study will 

be invited to come to the CTRC to discuss the study in more detail, have the informed consents explained 

to them, and to provide written informed consent for blood pressure screening, and if appropriate, to 

participate in the study.  Subjects who provide written informed consent will be scheduled to undergo 

screening and testing procedures at the University of Colorado CTRC.  For subjects who do not meet the 

inclusion criteria all clinical screening information will be kept for a period of 10 years.  All other 

information will be destroyed.  Total time: 60 minutes. 

 

2) Physical Examination and Resting ECG.  A physician will perform a standard medical exam (like an 

office visit with a doctor) including vital signs such as heart rate and blood pressure as well as 

examination of ear, nose, throat, eye exam, and listen to your lungs and heart.  Total time: 30 minutes. 

 

3) Body Composition or body fat percentage will be measured non-invasively by skinfold thickness and 

by Dual Energy X-ray Absorptiometry or DXA.  This test involves subjects lying on a padded table while 

a small probe, that emits energy to measure tissue density, passes over their body. This test will be 

performed before and after each intervention.  Total time: 30 minutes. 

 

4) Blood Pressure will be measured non-invasively in the laboratory by the standard cuff technique (i.e., 

as in a Doctor’s office) and using an automated blood pressure monitor. Total time: 20 minutes. 

 

5) Daily Physical Activity will be estimated using a standardized questionnaire.  The questionnaire will be 

administered via personal interview with subject by a trained exercise physiologist associated with the 

CTRC.  Total time: 30 minutes. 

 

6) Dietary Recall Records will be used to determine total daily caloric intake and the amounts of 

carbohydrates, protein, and fat in subject’s diets.  Subjects will be instructed on how to complete their 

food records by the CTRC bionutritionist who will also review all records.  Total time for dietary 

instruction: 45 minutes. 
 

7) Blood Draw to Measure Blood Chemistries and Risk Factors for Cardiovascular Disease in order to 

measure well established risk factors for cardiovascular disease (such as blood cholesterol, glucose and 

insulin levels, oxidative markers, inflammatory cytokines, microparticles and microRNA) and to screen 

for disease subjects will be asked to fast overnight for 12 hours prior to the blood draw.  A small needle 

will be inserted into a vein in the forearm to collect a sample of blood (~ 50 mL) for these risk factor 

determinations.  Total time: 15 minutes. 

 

8) Forearm Blood Flow will be measured by placing a flexible rubber cuff around the forearm while 

periodically inflating and deflating two blood pressure cuffs (one around the upper arm and one around 

the wrist).  Flow will also be measured in response to the local infusion of small safe quantities of 

vasoactive drugs (bradykinin, sodium nitroprusside and vitamin C) into the brachial artery via an 

indwelling catheter. Bradykinin and sodium nitroprusside will cause blood flow to the forearm to 

increase.  Note, a licensed medical person will place all indwelling arterial catheters and administer all 

vasoactive drugs. Total time: 4.0 hours. 

 

9)  Fibrinolytic Factors.  Blood samples for determination of fibrinolytic factors will be collected in 

chilled tubes containing 0.45 mol/L sodium citrate buffer, pH 4.3 (Stabilyte, Biopool AB; final dilution 

volume 1:10) and stored as previously described by the P.I. (31, 32, 61).  Arterial and venous plasma 

concentrations of t-PA and PAI-1 antigen and activity will be determined by enzyme immunoassay (31).  



Reliability and reproducibility of these assays in our laboratory have been reported (21). These analyses 

will be performed in the Department of Integrative Physiology Core Biochemistry Laboratory.  Total 

amount of blood to be collected is ~100 mL. 

 

Study Sessions:  Table 1 provides an overview of the study sessions associated with the study and the 

measurements to be performed at each session. 

 

 

 Session 

Screening and Experimental 

Measurement 

(All measures performed at 

the UC-Boulder CTRC) 

Time 

1 

(Screening) 

 

Blood Pressure  

Resting ECG and Physical 

Examination 

Blood Draw 

20 min 

30 min 

 

15 min 

 

2 

(Experimental) 

 

 

Body Composition 

Daily Physical Activity 

Dietary Recall Records 

 

30 min 

30 min 

45 min 

3 

(Experimental) 

 

Assessment of Endothelial 

Fibrinolytic Capacity 

4.0 hrs 

4 

(Experimental) 

 

Blood Pressure 

Body Weight 

30 min 

5 

(Experimental) 

 

Blood Pressure 

Body Weight 

30 min 

6 

(Experimental) 

 

Blood Pressure 

Body Weight 

30 min 

7 

(Experimental) 

 

Blood Pressure 

Body Weight 

30 min 

8 

(Experimental) 

 

Blood Pressure 

Body Weight 

30 min 

9 

(Experimental) 

 

Blood Pressure 

Body Weight 

30 min 

10 

(Experimental) 

 

 

Body Composition 

Daily Physical Activity 

Dietary Recall Records 

30 min 

30 min 

45 min 

11 

(Experimental) 

 

 

Assessment of Endothelial 

Fibrinolytic Capacity 

4.0 hrs 

 



3.  Benefits and Risks. Indirect Benefits: Subjects will receive the following benefits: 1) medical 

information-- a medical history, physical examination, blood pressure readings, blood levels of glucose 

and insulin, blood fats, and resting electrocardiograms free of charge; 2) physical information-- 

measurement of body fat and bone density levels free of charge; and 3) financial compensation—subjects 

will receive $40.00 for each experimental session completed (maximum $400 for participating in the 

study). 

 

Risks:  The risks associated with the experimental protocols include:  

 

1.  Body Composition: there is a small amount of radiation exposure (0.04 mRem) associated with the 

DEXA scan. This amount of exposure is less than the amount that a subject would receive on daily basis 

living in Colorado. This study will expose a subject to radiation in addition to the natural background 

radiation a subject would receive each day. The more radiation a subject receives over the course of their 

life, the greater the risk of having cancerous tumors or inducing changes in genes. The radiation in this 

study is not expected to greatly increase these risks, but the exact increase in such risks is unclear.  

 

2. Venous Catheter Risks: a hollow needle/plastic tube will be placed in your arm for taking small blood 

samples, giving fluids, or infusing glucose and insulin (intravenous glucose tolerance test).  This will be 

left in for as long as 4 hours.  When the needle goes into a vein, it hurts for a short time.  Also there will 

be the minor discomfort of having the needle/plastic tube taped to the subjects arm.  In about 1 in 10 cases 

a small amount of bleeding under the skin will produce a bruise.  The risk of a blood clot forming in the 

vein is about 1 in 100, while the risk of infection or significant blood loss is 1 in 1,000.  There is a side 

effect/risk of participants fainting as a result of placing the venous catheter and/or drawing blood from the 

vein. 

 

3. Arterial Catheter Risks: placing a catheter into an artery causes some discomfort/pain, however, 

subjects will receive a small amount of numbing medication to lessen this discomfort/pain.  In about 1 in 

10 cases a small amount of bleeding under the skin will produce a bruise.  Very rarely (1 in 4,000) 

damage may occur to the artery which can result in decreased blood flow to the forearm or hand caused 

by a blood clot or artery spasm.  Although rare, these conditions can be serious if they develop and may 

require surgery to correct.  Tests involving arterial catheters will be performed twice – before and after the 

3-month intervention. There is a side effect/risk of participants fainting as a result of placing the arterial 

catheter and/or drawing blood from the artery. 

 

4.  Infusion of Vasoactive Drugs: infusion of bradykinin and sodium nitroprusside cause only local 

changes in forearm blood flow.  Since low doses of these drugs will be used there is little or no effect on 

the rest of the body.  There is no pain or discomfort associated with the drug infusions.  The only 

significant risks associated with the infusion of the drugs are: a small drop or increase in blood pressure 

(+5-7 mm Hg); very slight chance of chest tightness, light-headedness, headache, and fainting; slight 

chance of an allergic reaction. There are no documented cases of serious events such as heart attack or 

stroke with the small doses of the drugs used in this procedure.  The investigators have FDA approval to 

for this research (FDA IND#s are provided in the electronic application).  Drs. DeSouza and Stauffer 

are currently conducting UC-IRB approved research protocols involving the above vasoactive 

drugs at the doses outlined in this protocol. 

 

5.  Vitamin C:  The intra-arterial dose (24 mg/min) used for this study has been shown to be safe and 

without side effects. 

 

6.  Nebivolol: The most common adverse reactions that may occur with nebivolol are headache, nausea, 

diarrhea, tiredness, dizziness, slow heart rate, low blood pressure (hypotension) insomnia and leg 



swelling.  Subjects will be monitored closely throughout the study.  Should they experience any of these 

symptoms or other symptoms that they think might be associated with the treatment they are instructed to 

call the CTRC at 303-735-2304 or after hours at 303-206-6339 (nurse pager).  The nurse may contact Dr. 

Brian Stauffer if necessary.  Drug package insert for nebivolol has been submitted electronically.  

Subjects will be asked to not stop taking their treatment pills without consulting with a CTRC nurse or the 

study investigators. 

 

7. Metoprolol (TOPROLOL-XL [extended release]):  The most common adverse reactions that may occur 

with metoprolol are tiredness, dizziness, slow heart rate, diarrhea, shortness of breath, pruritus (itching), 

rash, depression, and low blood pressure (hypotension).  Subjects will be monitored closely throughout 

the study.  Should they experience any of these symptoms or other symptoms that they think might be 

associated with the treatment they are instructed to call the CTRC at 303-735-2304 or after hours at 303-

206-6339 (nurse pager).  The nurse may contact Dr. Brian Stauffer if necessary.  Drug package insert for 

metoprolol has been submitted electronically. 

 

There are no alternative methods that would provide the same type of accuracy of information as the 

state-of-the-art procedures proposed in this application.  It is important to note that all invasive procedures 

will take place at the University of Colorado CTRC under the supervision of Dr. Stauffer or the CTRC 

medical staff.  Furthermore, emergency medical care will be immediately available during all testing.  

There are no risks to the investigators.  

 

4.  Assurance of Confidentiality. All data collected on individual subjects will only be viewed by the 

investigative team involved in the project (i.e., the Principal Investigator, Research Assistant, and Pre- 

and Post doctoral Research Fellows, and CTRC staff), although these data will be provided to the subject. 

The individual data for each subject will be analyzed and stored by code, and at no time will any 

individual data point be identified with a particular individual subject.  The data will almost exclusively 

be presented as average responses. All data will be stored on hard and compact disk using the 

aforementioned codes. All data and information regarding the study will be stored in a secure (always-

locked) filing cabinet in the Integrative Vascular Biology Laboratory in the Carlson building on the CU-

Boulder campus.  Data will be kept for 10 years after the study is completed then erased.  

 

5.  Consent Form.  See Attached. 

 

6.  Investigator’s Qualifications. The principal investigator for this project is Christopher A. DeSouza, 

Ph.D.  Dr. DeSouza is Professor in the Department of Integrative Physiology.  Dr. DeSouza received his 

doctoral training in the Department of Kinesiology, University of Maryland and Division of Gerontology 

at the Baltimore Veterans Affairs Medical Center in Baltimore Maryland and has been conducting 

research in the area of vascular function and aging in humans for the past 15 years.  Dr. Stauffer is a board 

certified cardiologist and an Associate Professor of Cardiology in the Department of Medicine at the UC- 

Denver.  Dr. Stauffer has extensive experience conducting studies involving vasoactive drugs such as the 

ones proposed herein.  The medical staff at the CTRC are appropriately trained and have experience 

safely administering the procedures outlined in this protocol. 

 

7.  Publications employing the use of bradykinin and sodium nitroprusside in different study populations. 

 

 

 

 

 



Bradykinin and Sodium Nitroprusside References: 

 

Cardillo C, CM Kilcoyne, AA Quyyumi, RO Cannon, and JA Panza. Selective defect in nitric oxide 

synthesis may explain the impaired endothelium-dependent vasodilation in patients with essential 

hypertension. Circulation: 851-856, 1998. 

DeSouza CA, LF Shapiro, CM Clevenger, FA Dinenno, K D Monahan, H Tanaka, and DR Seals. Regular 

aerobic exercise prevents and restores the age-related decline in endothelium-dependent vasodilation in 

healthy men. Circulation 102: 1351-1357, 2000. 

Hambrecht R, E Fiehn, C Weigl, S Gielen, C Hamann, R Kaiser, J Yu, V Adams, J Niebauer, and G 

Schuler. Regular physical exercise corrects endothelial dysfunction and improves exercise capacity in 

patients with chronic heart failure. Circulation 98: 2709-2715, 1998. 

Hambrecht R, A Wolf, S Gielen, A Linke, J Hofer, S Erbs, N Schoene, and G Schuler. Effect of exercise 

on coronary endothelial function in patients with coronary artery disease. New England Journal of 

Medicine 342: 454-460, 2000. 

Higashi Y, S Sasaki, S Kurisu, A Yoshimizu, N Sasaki, H Matsuura, G Kajiyama, and T Oshima. Regular 

aerobic exercise augments endothelium-dependent vascular relaxation in normotensive as well as 

hypertensive subjects.  Role of endothelium-derived nitric oxide. Circulation 100: 1194-1202, 1999. 

Panza JA, PR Casino, CM Kilcoyne, and AA Quyyumi. Impaired endothelium-dependent vasodilation in 

patients with essential hypertension: evidence that the abnormality is not at the muscarinic receptor level. 

Journal of American College of Cardiology 23: 1610-1616, 1994. 

Panza JA, PR Casino, CM Kilcoyne, and AA Quyyumi. Role of endothelial-derived nitric oxide in the 

abnormal endothelium-dependent vascular relaxation of patients with essential hypertension. Circulation 

87: 1468-1474, 1993. 

Panza JA, CE Garcia, CM Kilcoyne, AA Quyyumi, and RO Cannon. Impaired endothelium-dependent 

vasodilation in patients with essential hypertension.  evidence that nitric oxide abnormality is not 

localized to a single signal transduction pathway. Circulation 91: 1732-1738, 1995. 

Brown NJ, JV Gainer, LJ Murphy, and DE Vaughan. Bradykinin stimulates tissue plasminogen activator 

release from human forearm vasculature through B2 receptor-dependent, NO synthase-independent, and 

cylcooxygenase-independent pathway. Circulation 102: 2190-2196, 2000. 

Brown NJ, JV Gainer, CM Stein, and DE Vaughan. Bradykinin stimulates tissue plasminogen activator 

release in human vasculature. Hypertension 33: 1431-1435, 1999. 

Brown NJ, JH Nadeau, and DE Vaughan. Selective stimulation of tissue-type plasminogen activator in 

vivo by infusion of bradykinin. Thrombosis and Haemostasis 77: 522-525, 1997. 

Gazis A, DJ White, SR PAge, and JR Cockcroft. Effect of oral vitamin E (a-tocoperol) supplementation 

on vascular endothelial function in Type 2 diabetes mellitus. Diabetes Medicine 16: 304-311, 1999. 

Gilligan DM, V Guetta, JA Panza, CE Garcia, AA Quyyumi, and RO Cannon. Selective loss of 

microvascular endothelial function in human hypercholesterolemia. Circulation 90: 35-41, 1994. 

Hornig MLH, P Smits, PJ Morrison, and TJ Rabelink. Bradykinin-induced vasodilation of human forearm 

resisitance vessels is primarily mediated by endothelium-dependent hyperpolarization. Hypertension 35: 

1314-13-18, 2000. 

Panza JA, CE Garcia, CM Kilcoyne, AA Quyyumi, and RO Cannon. Impaired endothelium-dependent 

vasodilation in patients with essential hypertension.  evidence that nitric oxide abnormality is not 

localized to a single signal transduction pathway. Circulation 91: 1732-1738, 1995. 

 

References 

 

1. Allain C, Poon L, Chan S, Richmond W, and Fu P. Enzymatic determination of total serum 

cholesterol. Clinical Chemistry 20: 470-475, 1974. 

2. American ADA. Clinical Practice Recommendations 2008. Diabetes Care 31: S1-S110, 2008. 



3. Baldwin CM, and Keam SJ. Nebivolol: in the treatment of hypertension in the US. Am J 

Cardiovasc Drugs 9: 253-260, 2009. 

4. Bendich A, Machlin I, Scandurra O, Burton G, and Wayner D. The antioxidant role of vitamin C. 

Advances in Free Radical Biology and Medicine 2: 419-444, 1986. 

5. Brommer E. The level of extrinsic plasminogen activator (t-PA) during clotting as a determinant 

of the rate of fibrinolysis: inefficiency of activators added  afterwards. Thrombosis Research 34: 

109-115, 1984. 

6. Brown N, Gainer J, Murphy L, and Vaughan D. Bradykinin stimulates tissue plasminogen 

activator release from human forearm vasculature through B2 receptor-dependent, NO synthase-

independent, and cylcooxygenase-independent pathway. Circulation 102: 2190-2196, 2000. 

7. Brown N, Gainer J, Stein C, and Vaughan D. Bradykinin stimulates tissue plasminogen activator 

release in human vasculature. Hypertension 33: 1431-1435, 1999. 

8. Brown N, Nadeau J, and Vaughan D. Selective stimulation of tissue-type plasminogen activator in 

vivo by infusion of bradykinin. Thrombosis and Haemostasis 77: 522-525, 1997. 

9. Brown NJ. Blood pressure reduction and tissue-type plasminogen activator release. Hypertension 

47: 648-649, 2006. 

10. Bucolo G, and Davis H. Quantitative determination of serum triglycerides by use of enzymes. 

Clinical Chemistry 19: 476-482, 1973. 

11. Cardillo C, Campia U, Bryant M, and Panza J. Increased activity of endogenous endothelin in 

patients with type II diabetes mellitus. Circulation 106: 1783-1787, 2002. 

12. Cardillo C, Campia U, Kilcoyne C, Bryant M, and Panza J. Improved endothelium-dependent 

vasodilation after blockade of endothelin receptors in patients with essential hypertension. 

Circulation 105: 452-456, 2002. 

13. Cardillo C, Kilcoyne C, Cannon R, and Panza J. Increased activity of endougenous endothelin in 

patients with hypercholesterolemia. Journal of American College of Cardiology 36: 1483-1488, 

2000. 

14. Cheng JW. Nebivolol: a third-generation beta-blocker for hypertension. Clin Ther 31: 447-462, 

2009. 

15. Chobanian A, Bakris G, Black H, Cushman W, Green L, Izzo J, Jones D, Materson B, Oparil S, 

Wright J, and Roccella E. The seventh report of the joint national committe on prevention, 

detection, evaluation, and treatment of high blood pressure.  The JNC 7 report. Journal of 

American Medical Association 289: 2560-2572, 2003. 

16. Cockcroft J. A review of the safety and efficacy of nebivolol in the mildly hypertensive patient. 

Vasc Health Risk Manag 3: 909-917, 2007. 

17. Cortello M, Cofrancesco E, Boschetti C, Mussoni L, Donati M, Cardillo M, Catalano M, Gabrielli 

L, Lombardi B, Specchia G, Tavazzi L, Tremoli E, Pozzoli E, and Turri M. Increased fibrin 

turnover and high PAI-1 activity as predictors of ischemic events in atherosclerotic patients. A 

case control study. Arteriosclerosis and Thrombosis 13: 1412-1417, 1993. 

18. Cushman M, Lemaitre R, Kuller L, Psaty B, Macy E, Sharrett A, and Tracy R. Fibrinolytic 

activation markers predict myocardial infarction in the elderly.  The Cardiovascular Health Study. 

Arterioscler Thomb Vasc Biol 19: 493-498, 1999. 

19. Czuriga I, Riecansky I, Bodnar J, Fulop T, Kruzsicz V, Kristof E, Edes I, and For The NI. 

Comparison of the new cardioselective beta-blocker nebivolol with bisoprolol in hypertension: the 

Nebivolol, Bisoprolol Multicenter Study (NEBIS). Cardiovasc Drugs Ther 17: 257-263, 2003. 

20. DeSouza C, Dengel D, Macko R, Cox K, and Seals D. Elevated levels of circulating cell adhesion 

molecules in uncomplicated essential hypertension. American Journal of Hypertension 10: 1335-

1341, 1997. 

21. DeSouza C, Jones P, and Seals D. Physical activity status and age-related differences in 

coagulation and fibrinolytic factors in women. Arteriosclerosis Thrombosis and Vascular Biology 

18: 362-368, 1998. 



22. DeSouza C, Shapiro L, Clevenger C, Dinenno F, Monahan KD, Tanaka H, and Seals D. Regular 

aerobic exercise prevents and restores the age-related decline in endothelium-dependent 

vasodilation in healthy men. Circulation 102: 1351-1357, 2000. 

23. DeSouza CA, Van Guilder GP, Greiner JJ, Smith DT, Hoetzer GL, and Stauffer BL. Basal 

endothelial nitric oxide release is preserved in overweight and obese adults. Obes Res 13: 1303-

1306, 2005. 

24. Egan BM, and Julius S. Prehypertension: risk stratification and management considerations. Curr 

Hypertens Rep 10: 359-366, 2008. 

25. Eijnden-Schrauwen Yvd, Kooistra T, Vries Rd, and Emeis J. Studies on the acute release of tissue-

type plasminogen activator from human endothelial cells in vitro and in rats in vitro: evidence for 

a dynamic stoorage pool. Blood 85: 3510-3517, 1995. 

26. Elliott WJ, and Black HR. Prehypertension. Nat Clin Pract Cardiovasc Med 4: 538-548, 2007. 

27. Emeis J. The control of t-PA and PAI-1 secretion from the vessel wall. Vascular Medicine Review 

6: 153-166, 1995. 

28. Fox K, Robinson A, Knabb R, Rosamond T, Sobel B, and Bergman S. Prevention of coronary 

thrombosis with subthrombolytic doses of tissue-type plasminogen activator. Circulation 72: 

1346-1354, 1984. 

29. Frei B, England L, and Ames B. Ascorbate is an outstanding antioxidant in human blood plasma. 

Proceedings of the National Academy of Sciences, USA 86: 6377-6381, 1989. 

30. Friedwald W, Levey R, and Frederickson D. Estimation of the concentration of LDL-C in plasma 

without the use of the preparative ultracentrifuge. Clinical Chemistry 18: 499-502, 1972. 

31. Hoetzer G, Stauffer B, Greiner J, Casas Y, Smith D, and DeSouza C. Influence of oral 

contraceptive use on endothelial t-PA release in healthy premenopausal women. American Journal 

of Physiology: Endocrinology and Metabolism 284: E90-E95, 2003. 

32. Hoetzer G, Stauffer B, Irmiger H, Ng M, Smith D, and DeSouza C. Acute and chronic effects of 

oestrogen on endothelial tissue-type plasminogen activator release in postmenopausal women. 

Journal of Physiology (London) 551: 721-728, 2003. 

33. Hoetzer GL, Irmiger HM, Stauffer BL, and DeSouza CA. Estrogen receptor-alpha thymidine and 

adenine repeat polymorphism and endothelial fibrinolytic regulation in postmenopausal women. 

Am J Obstet Gynecol 193: 366-370, 2005. 

34. Hrafnkelsdottir T, Wall U, Jern C, and Jern S. Impaired capacity for endogenous fibrinolysis in 

essential hypertension. Lancet 352: 1597-1598, 1998. 

35. Jern C, Ladenvall P, Wall U, and Jern S. Gene polymorphism of t-PA is associated with forearm 

vascular release rate of t-PA. Arterosclerosis, Thrombosis and Vascular Biology 19: 454-459, 

1999. 

36. Jern C, Selin L, and Jern S. In Vivo release of tissue-type plasminogen activator across the human 

forearm during mental stress. Thrombosis and Haemostasis 72: 285-291, 1994. 

37. Jern C, Selin L, and Jern S. Release of tissue-type plasminogen activator in response to muscarinic 

receptor stimulation in human forearm. Thrombosis and Hemostasis 72: 588-594, 1994. 

38. Kamp O, Metra M, Bugatti S, Bettari L, Dei Cas A, Petrini N, and Dei Cas L. Nebivolol: 

haemodynamic effects and clinical significance of combined beta-blockade and nitric oxide 

release. Drugs 70: 41-56, 2010. 

39. Kuroedov A, Cosentino F, and Luscher TF. Pharmacological mechanisms of clinically favorable 

properties of a selective beta1-adrenoceptor antagonist, nebivolol. Cardiovasc Drug Rev 22: 155-

168, 2004. 

40. Lijnen H, and Collen D. Endothelium in hemostasis and thrombosis. Progress in Cardiovascular 

Disease 36: 343-350, 1997. 

41. Mason RP, Giles TD, and Sowers JR. Evolving mechanisms of action of beta blockers: focus on 

nebivolol. J Cardiovasc Pharmacol 54: 123-128, 2009. 



42. McNeely W, and Goa KL. Nebivolol in the management of essential hypertension: a review. 

Drugs 57: 633-651, 1999. 

43. Meister A. Glutathione-ascorbic acid antioxidant system in animals. Journal of Biological 

Chemistry 269: 9397-9400, 1994. 

44. Muldowney J, and Vaughan D. Tissue-type plasminogen activator release new frontiers in 

endothelial function. Journal of American College of Cardiology 40: 967-969, 2002. 

45. Newby D, Witherow F, McLeod A, Uren N, Prendergast B, Flint L, Webb D, Fox K, and Boon N. 

Correlation between acute tissue plasminogen activator release from the human coronary and 

peripheral circulations. Journal of American College of Cardiology 37(Suppl. A): 232A, 2001. 

46. Ostchega Y, Yoon S, Hughes J, and Louis T. Hypertension Awareness, Treatment and Control--

Continued Disparities in Adults: United States, 2005-2006 Hyattsville, MD: National Center for 

Health Statistics, 2008. 

47. Packman M, and Kinlough-Rathbone R. Mechanisms of atherogenesis and thrombosis. In: 

Haemostasis and Thrombosis, edited by Bloom A, Forbes C, and Tuddenham E. New York: 

Churchill Levingston, 1994, p. 1107-1138. 

48. Parmer R, Mahata M, Mahata S, Sebald M, O'Connor D, and Miles L. Tissue plasminogen 

activator (t-PA) is targeted to the regulated secretory pathway. Journal of Biological Chemistry 

272: 1976-1982, 1997. 

49. Perloff D, Grim C, Flack J, Frohlich E, Hill M, McDonald M, and Morgenstern B. Human blood 

pressure detrermination by sphygmomanometry. Circulation 88: 2460-2470, 1993. 

50. Perticone F, Ceravolo R, Candigliota M, Ventura G, Iacopino S, Sinopoli F, and Mattioli P. 

Obesity and body fat distribution induce endothelial dysfunction by oxidative stress. Diabetes 50: 

159-165, 2001. 

51. Retsy K, Freeman M, and Frei B. Ascorbic acid oxidation products protect human low density 

lipoprotein against atherogenic modification. Journal of Biological Chemistry 268: 1304-1309, 

1993. 

52. Ridker P, Hennekens C, Stampfer M, Manson J, and Vaughan D. Prospective study of endogenous 

tissue type plasminogen activator and risk of stroke. Lancet 343: 940-943, 1994. 

53. Ridker P, Vaughan D, Stampfer M, Manson J, and Henneken C. Endogenous tissue-type 

plasminogen activator and risk of MI. Lancet 341: 1165-1168, 1993. 

54. Robinson SD, Ludlam CA, Boon NA, and Newby DE. Endothelial fibrinolytic capacity predicts 

future adverse cardiovascular events in patients with coronary heart disease. Arterioscler Thromb 

Vasc Biol 27: 1651-1656, 2007. 

55. Rosamond W, Flegal K, Friday G, Furie K, Go A, Greenlund K, Haase N, Ho M, Howard V, 

Kissela B, Kittner S, Lloyd-Jones D, McDermott M, Meigs J, Moy C, Nichol G, O'Donnell CJ, 

Roger V, Rumsfeld J, Sorlie P, Steinberger J, Thom T, Wasserthiel-Smoller S, and Hong Y. Heart 

disease and stroke statistics--2007 update: a report from the American Heart Association Statistics 

Committee and Stroke Statistics Subcommittee. Circulation 115: e69-171, 2007. 

56. Rosei EA, Rizzoni D, Comini S, and Boari G. Evaluation of the efficacy and tolerability of 

nebivolol versus lisinopril in the treatment of essential arterial hypertension: a randomized, 

multicentre, double-blind study. Blood Press Suppl 1: 30-35, 2003. 

57. Sakata K, Kurata C, Taguchi T, Suzuki S, Kobayashi A, Yamazaki N, Rydzewski A, Takada Y, 

and Takada A. Clinical significance of plasminogen activator inhibitor activity in patients with 

exercise-induced ischemia. American Heart Journal 120: 831-838, 1990. 

58. Sallis J, Haskell W, Wood P, Fortmann S, Rogers T, and Blair S. Physical activity assessment 

methodology in the five-city project. Am J Epidemiol 121: 91-106, 1985. 

59. Salomaa V, Stinson V, Kark J, Folsom A, Davis C, and Wu K. Association of fibrinolytic 

parameters with early atherosclerosis.  The ARIC study. Circulation 91: 284-290, 1995. 

60. Seals D, Tanaka H, Clevenger C, Monahan K, Reiling M, Hiatt W, Davy K, and DeSouza C. 

Blood pressure reductions with exercise and sodium restriction in postmenopausal women with 



elevated systolic blood pressure: role of arterial stiffness. Journal of American College of 

Cardiology 38: 506-513, 2001. 

61. Smith D, Hoetzer G, Greiner J, Stauffer B, and DeSouza C. Effects of ageing and regular aerobic 

exercise on endothelial fibrinolytic capacity in humans. Journal of Physiology (London) 546: 289-

298, 2003. 

62. Smith D, Hoetzer G, Greiner J, Stauffer B, and DeSouza C. Endothelial release of tissue-type 

plasminogen activator in the human forearm: role of nitric oxide. Journal of Cardiovascular 

Pharmacology 42: 311-314, 2003. 

63. Staessen JA, Wang JG, and Thijs L. Cardiovascular prevention and blood pressure reduction: a 

quantitative overview updated until 1 March 2003. J Hypertens 21: 1055-1076, 2003. 

64. Stauffer BL, Hoetzer GL, Van Guilder GP, Smith DT, and Desouza CA. Gender differences in 

endothelial tissue-type plasminogen activator release in middle-aged adults. J Am Coll Cardiol 45: 

1547-1549, 2005. 

65. Stein C, Brown N, Vaughan D, Lang C, and Wood A. Regulation of local tissue-type plasminogen 

activator release by endothelium-dependent and endothelium-independet agonists in human 

vasculature. Journal of American College of Cardiology 32: 117-122, 1998. 

66. Suri MF, and Qureshi AI. Prehypertension as a risk factor for cardiovascular diseases. J 

Cardiovasc Nurs 21: 478-482; quiz 483-474, 2006. 

67. Taddei S, Virdis A, Ghiadoni L, Magagna A, and Salvetti A. Vitamin C improves endothelium-

dependent vasodilation by restoring nitric oxide activity in essential hypertension. Circulation 97: 

2222-2229, 1998. 

68. Thogersen A, Jansson J-H, Boman K, Nilsson T, Weinehall L, Huhtasaari F, and Hallmans G. 

High plasminogen activator inhibitor and tissue plasminogen activator levels in plasma precede a 

first acute myocardial infarction in both men and women.  Evidence for the fibrinolytic system as 

an independent primary risk factor. Circulation 98: 2241-2247, 1998. 

69. Ting H, Timimi F, Haley E, Roddy M-A, Ganz P, and Creager M. Vitamin C improves 

endothelium-dependent vasodilation in forearm resistance vessels of humans with 

hypercholesterolemia. Circulation 95: 2617-2622, 1997. 

70. Ting H, Timini T, Boles K, Creager S, Ganz P, and Creager M. Vitamin C improves endothelium-

dependent vasodilation in patients with non-insulin dependent diabetes mellitus. Journal of 

Clinical Investigation 97: 22-28, 1996. 

71. United States Department of Health and Human Services NIoAAaA. The Physicians Guide to 

Helping Patients with Alcohol Problems. NIH Publication No95-3796 National Institutes of 

Health 1999. 

72. Van Guilder GP, Hoetzer GL, Greiner JJ, Stauffer BL, and DeSouza CA. Acute and chronic 

effects of vitamin C on endothelial fibrinolytic function in overweight and obese adult humans. J 

Physiol 586: 3525-3535, 2008. 

73. Van Guilder GP, Hoetzer GL, Smith DT, Irmiger HM, Greiner JJ, Stauffer BL, and DeSouza CA. 

Endothelial t-PA release is impaired in overweight and obese adults but can be improved with 

regular aerobic exercise. Am J Physiol Endocrinol Metab 289: E807-813, 2005. 

74. Van Nueten L, Lacourciere Y, Vyssoulis G, Korlipara K, Marcadet DM, Dupont AG, and 

Robertson JI. Nebivolol versus nifedipine in the treatment of essential hypertension: a double-

blind, randomized, comparative trial. Am J Ther 5: 237-243, 1998. 

75. Weil BR, Stauffer BL, Greiner JJ, and DeSouza CA. Prehypertension is associated with impaired 

nitric oxide-mediated endothelium-dependent vasodilation in sedentary adults. Am J Hypertens 24: 

976-981, 2011. 

76. Winkler B, Orselli S, and Rex T. The redox couple between glutathione and ascorbic acid: a 

chemical and physiologic perspective. Free Radicals in Biology and Medicine 17: 333-339, 1994. 

 

 


